is also now clear that the second messenger cAMP plays a pivotal role in the induction of the neural substrates of long-term memory in a number of systems, including 
Results
and (2) the determination of PKA activity by a fast and specific in vitro kinase assay. First, we confirmed that the specific PKA substrate used in insects, phosphatase inhibitor 1 (I-1), is also specifically phosphorylated by Furthermore, by examining the effects of different numAplysia PKA. As shown in Table 1 PKA activity in intact sensory neurons, we carried out Mauelshagen et al. (1996) found that STF and ITF dea dose-response study by incubating dissociated cells cayed to baseline several hours before the ultimate exfor different lengths of time prior to rapid freezing. To pression of LTF.
control for variability between sensory cells from difThe work described above shows that, in the tail senferent ganglia, each cluster was dissociated and disory-motor system of Aplysia, repeated pulses of 5-HT vided into four fractions. This procedure allowed us to induce three distinct phases of synaptic facilitation: STF determine for each cluster (1) the basal PKA activity (lasting 10-15 min), ITF (lasting 1-3 hr), and LTF (lasting (cell fraction incubated in artificial seawater [ASW]), (2) longer than 24 hr). Since, as we have discussed, cAMP the maximal PKA activity (cell fraction stimulated with is known to be involved presynaptically in facilitation BrcAMP), (3) PKA activity during 5-HT application, and of Aplysia sensory-motor synapses (reviewed by Byrne (4) PKA activity at different time points following 5-HT. and , in the present paper we asked Figure 1A shows a representative autoradiograph with whether distinct temporal phases of activation of the the phosphorylation pattern derived from the differently cAMP cascade are induced by 5-HT in the tail sensory stimulated fractions of a sensory cell cluster. The differneurons. To examine this question, we measured directly ences in 32 P incorporation into the PKA substrate I-1 the activity of the cAMP-dependent protein kinase (PKA) (arrow) are unambiguous. In all following figures, changes in response to different numbers and patterns of 5-HT in PKA activity between the basal and the maximal valpulses. We measured PKA activity in isolated sensory ues of each cluster (indicated by dashed lines) were neuron cell bodies following 5-HT treatment in the intact normalized to 0 and 1, respectively. CNS using the method developed by Hildebrandt and The effect of increasing concentrations of 5-HT on Mü ller (1995a, 1995b).
PKA activity in the sensory neurons is shown in Figure  We , 1996) . In addition, PKA activation is required for long-term changes in sensory pulses were delivered to the pleural-pedal ganglia, which were then dissected and divided into four fracneurons (see Byrne and Kandel, 1996) . These two observations led us to examine the modulation of PKA activity tions prior to delivery of the third 5-HT pulse in vitro. Correspondingly, for determining the effects of 5 pulses induced by 5 repeated pulses of 5-HT. Toward that end, we measured PKA activity in the sensory neurons at of 5-HT, the first 4 pulses were delivered to the desheathed ganglia, while the fifth pulse was delivered to different times before and after the first, third, and fifth 5-HT pulses (Figure 2) . To minimize the variability beisolated somata in vitro. Thus, with this procedure, the induction of changes in PKA activity may involve protween ganglia from different animals, the two pleuralpedal ganglia from each animal were always treated in cesses activated in the ganglion by 5-HT (in additon to To compensate for different numbers of sensory neurons in individual samples, the labeling of PKA-specific substrate I-1 was normalExperimental Procedures ized with respect to the total labeling of intrinsic proteins due to other kinase activities. This value represents the specific PKA activity of Preparation of the Ganglia a specific sample. In order to assess both transient and persistent Wild-caught adult Aplysia californica (100-150 g) supplied from Marchanges, the specific PKA activity in sensory neurons of stimulated inus (Long Beach, CA) or Marine Specimens Unlimited (Pacific Paliganglia was compared to that in the untreated contralateral ganglia sades, CA) were used. Animals were anesthetized by injection of in each experiment. isotonic MgCl 2 (100 ml/100 g body weight), and the pleural-pedal Each experiment consisted of 40 assays ‫08ف(‬ sensory neurons ganglia were dissected and desheathed in a Sylgard-coated dish per assay), of which at least 8 were assays from untreated controls in ASW (Mauelshagen et al., 1996) .
(basal activity). For each experiment, the mean specific PKA activity of cells stimulated in situ with BrcAMP was defined as maximal Stimulation of the Ganglia activity and assigned a value of 1.0. The mean of the values for the Stimulation of the desheated pleural-pedal ganglia was performed density of I-1 bands obtained from test groups was compared to in test tubes (see below) under constant shaking. One of the paired the mean of the control groups. Data are reported as means Ϯ SEM. pleural-pedal ganglia from each animal was used as an internal Means were analyzed for normal distribution and equal variances, control. The control ganglion received the same protocol with the so that the significance of differences between the means could be exception that 5-HT was omitted; e.g., while one pleural-pedal gantested by a Student's t test for independent means. All probability glion received 4 exposures (5 min; ITI, 15 min) to ASW containing values are two tailed. 5-HT (10 M), the contralateral ganglion was treated with the same procedure but without 5-HT. After 5-HT stimulation in pleural-pedal
